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I. INTRODUCTION .- 

FROM: S . L .  Penn 

A c o n c e p t  i s  p r e s e n t e d  for o p e r a t i n g  and  m a i n t a i n i n g  
;I rnrinried, m u l t i - d i s c i p l i n a r y  s p a c e  s t a t i o n  f o r  up t o  two years  
i n  an ca r t t i  o r b i t  w i t h  a n  a l t i t u d e  o f  a b o u t  270  n a u t i c a l  m i l e s .  
' I ' h j s  i s  one of  s e v e r a l  r e l a t e d  s t u d i e s  by eo-workers  and  t h e  
; i u t , h o i ~  t o  see whe the r  such  a s t a t i o n  c a n  be b o t h  f e a s i b l e  and p r o -  
t l ~ l c ~ t ~ j  v e .  The d i s c i p l i n e s  , i n  t h e i r  s e p a r a t e  s t u d i e s ,  are 
t-t~ouy;ht of' as s u b s e q u e n c e s , s o  t h a t  t h e i r  t i m e  p h a s e d  p e r f o r m a n c e s  

be c o o r d i n a t e d  i n  a n  o v e r a l l  m i s s i o n  s e q u e n c e  p l a n ,  as i s  
b c  I nt: dorie c o n c u r r e n t l y  i n  R e f e r e n c e  1. 

The a p p r o a c h  h e r e i n  i s  t o  make e n g i n e e r i n g  judgemen t s  
a:: to how s u c h  a s t a t i o n  s h o u l d  b e  r u n  and  t o  es t imate  and  ex-  
;trii.ine t h e  p r o b a b l e  consequences  o f  a c t i n g  i n  a c c o r d a n c e  w i t h  
Lhcse j u d g e m e n t s .  It i s  hoped t h a t  f e a s i b i l i t y  and  r e a s o n a b l e -  
ness w i l l  become e v i d e n t .  O p t i m i z a t i o n ,  if d e s i r e d ,  would 
be l e f t  t o  s u c c e e d i n g  i n v e s t i g a t i o n s .  

11. DEFINITIONS __-- 

O p e r a t i o n s  i s  o r d i n a r i l y  t h o u g h t  o f  as t h e  whole  body 
o f  a c t i v i t i e s  and p r o c e d u r e s ,  manned and  a u t o m a t e d ,  n e c e s s a r y  
t,o p e r f o r m  a m i s s i o n .  I n  t h i s  c o n t e x t ,  s p a c e  o p e r a t i o n s  would 
i n c ~ l u d e  f l y i n g  and  m a i n t a i n i n g  t h e  s p a c e c r a f t ,  l i v i n g  i n  i t ,  
~ I I I ~  p e r f o r m i n g  u s e f u l  work i n  i t .  M a i n t e n a n c e ,  as  a s u b p a r t  
of '  o p c r n t i o n s  , would e n t a i l  t h e  s e r v i c e  and  r e p a i r  n e c e s s a r y  
Lo 1;eep t , h i n g s  f u n c t i o n a l .  

F o r  t h e  assumed m u l t i - d i s c i p l i n a r y  m i s s i o n ,  o p e r a t i o n s  
i:; defined i n  a more l i m i t e d  w a y .  Expe r imen t  and  p e r s o n a l  a c t i v i t i e s  
:irlc n o t  i n c l u d e d ,  s i n c e  they are  t h e  s u b j e c t s  of t h e  o t h e r ,  
c>:irl ier ment ioned  s t u d i e s .  Maneuver ing ,  h a b i t a b i l i t y  p r e p a r a t i o n s  , 
;rrid L o g i s t i c s  r e s u p p l y  are n o t  t r e a t e d  a t  a l l  b e c a u s e  t h e y  d o n ' t  
O c c u r  i n  t he  e x p e r i m e n t  pe r fo rmance  p a r t s  o f  t h e  m i s s i o n ,  which 
;UY t h e  p r i m a r y  p e r i o d s  of i n t e r e s t .  Maneuver ing ,  d u r i n g  
t l i e s e  p e r i o d s , i s  a v o i d e d  by a t t a c h i n g  e x p e r i m e n t  g r o u p s  t h a t  
r e q u i r e  p o i n t i n g  t o  g i m b a l l e d  p l a t f o r m s ,  

Ma in tenance  has much t h e  same meaning  as i n  g e n e r a l  
usnp;e, b u t  more t h a n  t h e  u s u a l  s i g n i f i c a n c e .  P r o v i s i o n  of d 

cnpnb i  1 i t y  t o  p e r f o r m  m a i n t e n a n c e  when a n t i c i p a t e d  b u t  u n s c h e d u l e d  
b i . cakdowns  o c c u r  i s  t h e  assumed a p p r o a c h  t o  e x t e n d e d  and  
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reliable manned flights. These contingency caused replacements 
and repairs are performed on a timely basis, consistent with 
the degree of risk and schedule impact. While scheduled 
maintenance must also be provided, it would be advantageous to 
plan f o r  major routine service to take place at logistic resupply 
time (about every 90 days f o r  the assumed mission), for minimum 
interference with the regular experiment program.* One exception 
may be molecular sieve bakeout about every six days, as expected 
for n crew of six in a workshop size space station. Less 
significant, but more frequent servicing, such as routine cleaning, 
is lncluded in the housekeeping sessions of  the subsequence on 
personal maintenance. 

Since hardware in each of the experiment disciplines 
itlay require maintenance, service and repair of their componentry 
a r c  made the responsibility of the concerned disciplines. Major 
maintenance on the whole system level and all maintenance of 
operational equipment is performed as part of this subsequence. 
The statistics of the combined maintenance requirements are 
treated herein and in Reference 1. 

111. ASSUMPTIONS 

The vehicle configuration which serves as our  base- 
l i n e  is the Saturn V, B-2 Workshop(2). 
relevant to this study are the approximate 270  nautical mile 
orbital altitude, the independent experiment pointing, the 
90 day resupply cycle, the minimization of  EVA requirements, 
and the provision of redundancy to safety critical features, 
to prevent crippling by a single emergency or failure. While 
t,hese assumptions are convenient and plausible, they were 
cliosen more to provide a framework than a limitation to o u r  
analysis. Since EVA is not expected to be needed for operational 
p ~ i i - p o ~ ~ s ,  any requirement for and discussion of it is left to 
t , I i c >  investigators of those other disciplines which may have 
;in interest. 

The borrowed assumptions 

I V .  BACKGROUND AND PHILOSOPHY -- 

A number of studies have been made of both general and 
specific aspects of space station operations and maintenance. 
Ong, in his review and analysis of operations on long duration 
manned missions, ' ? )  presents three basic modes which operations 
can take--a watch mode of 24 hour attention to operations; an 
a l e r t  mode, with someone alert to operational needs even if 
;issigned to other activities; and a sleep mode, with everyone 
a s l e e p  at once. 

__I- 

*With up to several days of crew overlap expected and with 
L Y ~ U  ipment interchange takini. place, available manpower and r e d u c e d  
~'spcrirnent operation make the resupply period seem w e l l  suited 
to service activities. 
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‘i‘hc.c;c r c p r e s e n t  v a r i o u s  rl(~g$~~ec:; G f c r e w  a t t c n t  i o n ,  a n d  : I P C \  c x -  
? m i n e d  t o  see w h e t h e r  d i f f e r e n c e s  e x i s t  between t h e m  i n  t h e  
degree t o  which  t h e  crew i s  p r e p a r e d  t o  r e s p o n d  t o  h a z a r d s .  
Ilc p o i n t s  o u t  t h a t  t h e  d i f f e r e n c e s  i n  r e s p o n s e  t imes  be tween  
tllese modes a r e  small compared t o  e x p e c t e d  r e p a i r  t imes  a n d  
w i l l  p r o b a b l y  n o t  be s i g n i f i c a n t  f rom a s a f e t y  s t a n d p o i n t .  

R e f e r e n c e  4, Boeing Company, J u l y  1967 ,  i s  t y p i c a l  
or  t \ le  g e n e r a l  s t u d i e s  of ma in tenance  and  h a s  an  e x c e l l e n t  
list of r e f e r e n c e s ,  i n c l u d i n g  summaries  o f  a number o f  them.  
The main i t e m s  of i n t e r e s t  f rom t h e  Boeing  s t u d y ,  whose s t a t i o n  
s i z e  and  c o n f i g u r a t i o n  a r e  on t h e  same o r d e r  as o u r  own, a r e  
the est imates  o f  t h e  mean t i m e  be tween  f a i l u r e s  (MTBF) f o r  a l l  
s u b s y s t e m s ,  c o n s i d e r e d  t o g e t h e r ,  o f  6 . 8  d a y s ,  t h e  a v e r a g e  
w p a i r  t i m e  of 2-1/2 h o u r s ,  and  t h e  c o m p l e t i o n  o f  5 0 %  o f  t h e  
r e p n i r s  i n  l ess  t h a n  70 m i n u t e s .  A more c u r r e n t  ( O c t o b e r  1 9 6 8 )  
r,iimmnry o f  a s imilar  s t u d y  by  Boeing  ( 5 )  has a l m o s t  i d e n t i c a l  
i ~ s r i l t s .  S.L. Penn,  i n  R e f e r e n c e  1 , d e r i v e s  a MTBF f o r  o u r  
S D ; I C ~  s t a t i o n  of 7 . 0  d a y s .  The r e f e r e n c e  on which t h i s  was 
b a s e d  was a Garret t  s t u d y  (6) o f  t h e  m a i n t a i n a b i l i t y  o f  a n  
~ 1 1 v i r o t i i n e n t a l  c o n t r o l / l i f e  s u p p o r t  s y s t e m  and  i t s  f a u l t  d e t e c t i o n  
zystcin.  Also, t h a t  s t u d y  i n d i c a t e d  t h a t  t h e  a v e r a g e  r e p a i r  
(or the  component r ep lacemen t  t y p e ,  which most  r epa i r s  s h o u l d  
b e )  can be  e f f e c t e d  w i t h i n  one h o u r .  T h i s  s h o r t e r  t i m e  i s  
s u p p o r t e d  by a Lockheed s t u d y ( 7 ) ,  a l s o  o f  a l i f e  s u p p o r t  s y s t e m .  
Howcvcr, even  i f  l o n g e r  a v e r a g e  r e p a i r  t i m e s  are  n e c e s s a r y ,  
arid the o c c u r r e n c e  o f  f a i l u r e s  i s  s t i l l  on t h e  o r d e r  o f  no 
rriore t h a n  one  p e r  week, r e p a i r s  c o u l d  b e  c o m f o r t a b l y  c o m p l e t e d  
i f  a l l o w e d  down t imes  a r e  s u b s t a n t i a l l y  g r e a t e r  t h a n  two h o u r s ,  
wliich i s  g e n e r a l l y  e x p e c t e d .  If t i m e  f o r  l e i s u r e l y  r e p a i r  i s  
110t ; iv: i j  l i b 1  e ,  some s u s p e n s i o n  of  e x p e r i m e n t  or p e r s o n a l  a c t i v i t y  
will be n e c e s s a r y ,  b u t  w i l l  n o t  c a u s e  t o o  much i n c o n v e n i e n c e  d u e  
t o  t h c  l o n g  i n t e r v a l  between r e p a i r s .  

F o r  t h i s  s t u d y ,  we assume t h a t  a p r a c t i c a l  way t o  
ru11 :L s p a c e  s t a t i o n  i s  w i t h  a u t o m a t i c  p e r f o r m a n c e  o f  t h e  o p e r -  
:it inrial f u n c t i o n s  and w i t h  a u t o m a t i c  s y s t e m  m o n i t o r i n g  and  
f n u l t  d e t e c t i o n .  We d e c i d e  i n s t i n c t i v e l y ,  however ,  t o  p r o v i d e  
b: lckup nianual m o n i t o r i n g  and i n s p e c t i o n ,  t h r e e  t i m e s  a d a  
ror?  bout one hour  e a c h  t i m e .  ( T h i s  a n t i c i p a t e s  a n  i n a b i y i t y  
to a u t o m a t i c a l l y  d e t e c t  eve ry  k i n d  of anomaly t h a t  may O C C U F ,  
allows for t h e  e l emen t  of human f r a i l t y  i n  t h e  d e s i g n  of  t h e  
sy.;t,em, and p r o v i d e s  i n c r e a s e d  c o n f i d e n c e  i n  o u r  a b i l i t y  t o  
t lc tect  a n t i c i p a t e d  a n o m a l i e s ) .  That  i s ,  w e  o p e r a t e  f o r  s e v e n  
h o u r s  i n  a c o m p l e t e l y  a u t o m a t i c  mode, w i t h  no one p a y i n g  
a t t e n t i o n  t o  or on p a r t i c u l a r  a l e r t  f o r  o p e r a t i o n a l  m a t t e r s ,  and  
t h e n  i n  a m o d i f i e d  watch  mode for t h e  n e x t  h o u r  ( m o d i f i e d  i n  
tlle s e n s e  t h a t  a r e g u l a r  watch e n t a i l s  f u l l  t i m e  d e v o t i o n  t o  
o p e r ; j t , i o n s ) .  T h i s  k i n d  of o p e r a t i o n s  scheme w i l l  a l l o w  t h e  
rnaxi rnum crew a t t e n t i o n  t o  t h e  more t e c h n i c a l l y  p r o d u c t i v e  t a s k s  
f o r  wliich t h e  m i s s i o n  i s  i n t e n d e d .  
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Assiimed o p e r a t i o n s  and m a i n t e n a n c e  s y s t e m s  and h a r d w a r e  
arid some o f  t h e i r  f u n c t i o n s  a re  l i s t e d  be low.  While 
t h e y  may bear  on t h e  P o l e  of t h e  c rew t o  v a r y i n g  d e g r e e s ,  
t . hey  are p r e s e n t e d  h e r e  more to p r o v i d e  i n s i g h t  as  
t o  tlie s c o p e  o f  t h e  s u b j e c t  d i s c i p l i n e  t h a n  t o  d e f i n e  
l i m i t a t i o n s  on t h e  crew r o l e  o r  o p e r a t i o n a l  p r o c e d u r e s .  

Two y e a r ,  d r y  l a u n c h ,  six-man s t a t i o n .  

A u t o m a t i c a l l y  p r o v i d e s  a t m o s p h e r i c  gases ,  h u m i d i t y  
and  t e m p e r a t u r e  c o n t r o l ,  and  c o n t a m i n a n t  r e m o v a l .  
M o l e c u l a r  s i e v e  GO2 r emova l  seems l i k e l y .  

A u t o m a t i c a l l y  p r o v i d e s  power r e q u i r e d  by o t h e r  op- 
e r a t i o n a l  s y s t e m s  and  by  e x p e r i m e n t s  up t o  t e n  
k i l o w a t t s .  P r c b a b l y  u s e  s o l a r  c e l l s  and  s t o r a g e  
b a t t e r i e s .  

S p a  c e c r a f t 

E n v i r o n m e n t a l  -- C o n t r o l / L i f e  S u p p o r t  Sys tem (EC/LSS)  

E l e c t r i c a l  P o w e r  Sys tem (EPS) 

D a t a  Management Sys tem ( D M S )  
P r o v i d e s  r e c o r d i n g  c a p a b i l i t y  f o r  o p e r a t i o n a l  and 
e x p e r i m e n t  p a r a m e t e r s  up t o  2 . 5  x 105 t o  2 x i o 7  
b i t s  p e r  s e c o n d  ( t o  be d e c i d e d ) .  A l s o  p r o v i d e s  
i n t e r f a c e s  be tween  da t a  g e n e r a t i n g ,  u s i n g , a n d  
communica t ions  s y s t e m s .  

P r o v i d e s  t r a n s m i s s i o n  and  r e c e p t i o n  c a p a b i l i t y  f o r  
o p e r a t i o n 2 1  and e x p e r i m e n t  p u r p o s e s  up t o  2 x l o 7  
b i t s  p e r  s econd  d u r i n g  g r o u n d  s t a t i o n  p a s s e s .  Uses 
u p r a t e d  A p o l l o  and Manned S p a c e  F l i g h t  Network.  
Does n o t  c o u n t  on Data  R e l a y  S a t e l l i t e  Sys t em,  t h o u g h  
p r e s e n c e  o f  l a t t e r  c o u l d  r e d u c e  peak  r e q u i r e m e n t s  o r  
I n c r e a s e  t o t a l  d a t a  t r a n s m i t t e d .  

C ommuri i c a t  i on  S y s t e m  

A t t i t u d e  Contr.01 Sys tem (ACS) 
P r o v i d e s  w h o l e - v e h i c l e  o r i e n t a t i o n  and s t a b i l i t y .  
Uses c o n t r o l  moment g y r o s  d u r i n g  e x p e r i m e n t  p e r f o r m a n c e  
p e r i o d , f o r  f u e l  c o n s e r v a t i o n  and  t o  a v o i d  i n t e r f e r e n c e  
w i t h  o p t i c a l  e x p e r i m e n t s .  L a t t e r  would b e  s e p a r a t e l y  
g i m b a l e d  f o r  p o i n t i n g , i f  v e h i c l e  o r i e n t a t i o n  was f i x e d ,  
as s u g g e s t e d  i n  r e f e r e n c e  2 (which  h a s  l o n g  a x i s  i n  
o r b i t a l  p l a n e  and yaw axis p o i n t e d  toward  s u n ) .  

A u t o m a t i c a l l y  c h e c k s  s y s t e m  p e r f o r m a n c e  and  warns  o f  
m a l f u n c t i o n s  and d a n g e r .  Has anomaly d e t e c t o r s ,  
p a r a m e t e r  d i s p l a y s ,  and a larms.  

IIrtndles r e q u i r e m e n t s  o f  DMS and AOBSM f o r  c o m p u t a t i o n s  
:inti s t o r a g e  o f  pararriater r e f e r e n c e  d a t a .  P r o v i d e s  
t imel i r ie  a s s i s t a n c e  and e x p e r i m e n t  c o n t r o l  l o g i c .  

Autolnat ic  On-Board System M o n i t o r  (AOBSM) 

On-Board Computer ( O B C )  
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V I .  

Sufficient to provide some large but reasonable 
probability of mission success, based on a resupply 
period of 180 days (double that expected). 

-~ Subsewence Description 

Figure 1 is a tabular presentation of the modes of the 
Operations and Maintenance Subsequence. The modes are described 
in terms of their frequency, duration, crew men required, 
activities, information required and generated, power and other 
resource requirements, and transition factors, which cause the 
changes from one mode t o  another. Nominal activities are 
covered by three modes--Automatic, Modified Watch, and Service-- 
and off-nominal by five--Watch, Repair (Unsuited), Repair 
(Suited), Standby, and Abort. The nominal modes are a 
consequence of the mission philosophy discussed earlier. 
Operation in the Automatic mode (A) is adequately covered by 
previous discussion and Figure 1. 

The scheduling of the Modified Watch mode (B) can be 
more flexible than shown; for instance, performance once 
during each eight hour shift should be sufficient as long as 
no more than, say, twelve hours separates the repetitions. 
As the mission progresses, confidence in the AOBSM, based on 
experience, may increase and warrant reducing the performance 
of this mode to only once p e r  day. 

For those few major servicings that are necessary 
more frequently than every 90 days, the Service mode ( C )  would 
be implemented. This would be in addition to whichever of 
the other two nomlnal modes was in progress, though effort 
should be made to avoid coincidence with mode B, due to the 
need for at least one crewman in each of C and B. Hopefully, 
most servicing can be programmed to occur only at resupply time. 
Minor, housekeeping servicing would be done in Personal 
Maintenance, as mentioned earlier. 

VII. CONTINGENCY ANALYSIS 

Transitions to off-nominal modes result f rom the 
occurrence of contingencies, whose incidence will depend on the 
chosen reliability and maintenance goals and methods. The 
writer has not examined the problem in depth, but some of the 
alternatives seen and the1.r consequences are as follows: 

1. Make all parts sufficiently reliable to preclude 
failure during the mission.--Too expensive and 
time consuming. 

, ,  
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,). M:ikc a l l  p o t e n t i a l  fail p o i n t s  r e d u n d a n t .  R e -  
p a i r  a f a i l e d  p a r t  w h i l e  t h e  o t h e r  t a k e s  ove r . - -  
R e q u i r e s  e x c e s s i v e  r edundancy .  

3. Only make r e d u n d a n t  t h o s e  p a r t s  whose f a i l u r e  
would n o t  a l l o w  s u f f i c i e n t  r e p a i r  t i m e  t o  p r e v e n t  
EC/LSS p a r a m e t e r s  from e x c e e d i n g  nomina l  (or a l l o w e d )  
bounds ,  i . e . ,  s a fe ty  c r i t i c a l  i tems.--To do t h i s  w e  
must have  advance  knowledge o f  t h e  f a i l u r e  mechanisms,  
t i m e s  t o  r e p a i r ,  and e f f e c t s  o f  f a i l u r e s  on s y s t e m s  and  
c r e w .  T h i s  l e a v e s  l i t t l e  room f o r  e r r o r  (must 
i d e n t i f y  a l l  sa fe ty  c r i t i c a l  p o i n t s )  and r e q u i r e s  
c o n s i d e r a b l e  advance work and a n a l y s i s ,  b u t  i t  makes 
t h e  minimum demands on f i n a l  s y s t e m  ha rdware  i n  terms 
o f  redundancy  a n d ,  h e n c e ,  weight and  volume.  

'l'he l a t t e r  p h i l o s o p h y  has been a d o p t e d  f o r  t h i s  m i s s i o n .  Not 
o n l y  d o e s  i t  r e d u c e  redundancy t o  a r e a s o n a b l e  minimum, b u t  i t  
also p r o v i d e s  f l e x i b i l i t y  t o  t h e  s c h e d u l i n g  of  r e p a i r s ,  s i n c e  
p o t e n t i a l l y  d a n g e r o u s  m a l f u n c t i o n s  have  b e e n  i d e n t i f i e d  and  
g u a r d e d  a g a i n s t  w i t h  r edundancy .  

I d e a l l y ,  e v e r y  r e p a i r  would have  a p r i o r i t y  t h a t  
c o u l d  be w e i g h t e d  a g a i n s t  t h e  p r i o r i t i e s  o f  o t h e r  t a sks  t o  see 
w h i c h  g e t  p e r f o r m e d  f i r s t .  The  r e p a i r  p r i o r i t y  c o u l d  b e  a 
f u n c t i o n  o f  a c h a n g i n g  sa fe ty  r e l a t i o n s h i p  w i t h  t i m e ,  o r  c o u l d  
r e l a t e  t o  t h e  r i s k  of data l o s s  i n  a c o n c e r n e d  e x p e r i m e n t .  
While t h e  s i m p l e s t  a p p r o a c h  would be  t o  make e v e r y  r e p a i r  as  
s o o n  as t h e  m a l f u n c t i o n  i s  i d e n t i f i e d  (Due  t o  t h e  once a week 
o c c u r r e n c e ,  p o i n t e d  o u t  e a r l i e r ,  t h i s  might n o t  be  t o o  
u n r e a s o n a b l e . ) ,  as a p r a c t i c a l  mat ter ,  where t h e  r i s k  i s  known t o  
be sma l l ,  r e p a i r s  c a n  be d e l a y e d  t o  more c o n v e n i e n t  t imes ,  
e x p e c i a l l y  i f  immediate  pe r fo rmance  would c a u s e  a s c h e d u l e  i m p a c t .  

When a c o n t i n g e n c y  o c c u r s ,  i t s  c r i t i c a l i t y  ( d e g r e e  
of hazard) w i l l  d e t e r m i n e  t h e  o f f - n o m i n a l  mode s e l e c t e d .  The 
c r i t i c a l i t y  l e v e l s  u s e d  i n  F i g u r e  1 are :  

C r i t i c a l i t y  1 - Environment  p a r a m e t e r  e x c e e d i n g  nomina l  
l i m i t s ,  b u t  n o t  d a n g e r  l i m i t s  or a c c e p t a b l e  d a n g e r  
a p p r o a c h  r a t e s .  

C r i t i c a l i t y  2 - Environment  anomaly a p p r o a c h i n g  l e v e l  of 
d a n g e r  t o  u n s u i t e d  a s t r o n a u t s ,  w i t h  no immediate t h r e a t  
o t h e r w i s e  and  w i t h  t i m e  t o  don s u i t s .  

C r i t i c a l i t y  3 - Immediate t h r e a t  w i t h  t i m e  o n l y  for re- 
t r e a t  to CM/SM, b u t  n o t  r e q u i r i n g  immediate a b o r t  ( e . g . ,  
ma jo r  f i r e  or m e t e o r  p e n e t r a t i o n ) .  
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C r i t i c a l i t y  :e;g Immediat e t h r  e a t r e q u i r i n g  e a r 1 i c s t p o s - 
s i b l e  a b o r t  ., e x p l o s i o n ,  d e s t r u c t i o n ,  or d i s r u p t i o n  
o f  v e h i c l e  n o t  u n l i k e l y ) .  

These d e f i n i t i o n s  f o l l o w  and a re  c o n s i s t e n t  w i t h  t h e  p a r t i c u l a r  
c o n t l n g e n c y  modes d e f i n e d  f o r  t h e  s u b j e c t  m i s s i o n .  Fo r  t h i s  
r ' ~ a s 0 1 i  t h e y  do n o t  c o r r e s p o n d  p r e c i s e l y  w i t h  A p o l l o  and AAP 
c a u t i o n  and warn ing  c r i t e r i a .  T y p i c a l  c o n t i n g e n c i e s ,  besides  
cornponotit f a i l u r e s ,  t ha t  might  w a r r a n t  a t r a n s i t i o n  t o  one of 
the o f f - n o m i n a l  modes, a re  l i s t e d  i n  a t ab le  i n  t h e  a u t h o r ' s  
c o n c u r r e n t  memo on m i s s i o n  sequence  p l a n n i n g ' ' ) .  
u n c o n t r o l l e d  s p i n ,  p lumbing  l e a k a g e ,  m e t e o r  p u n c t u r e ,  f i r e ,  
r a d i a t i o n  h a z a r d ,  a t m o s p h e r i c  c o n t a m i n a t i o n ,  e t c .  

They i n c l u d e  

Rega rd ing  t h e  o f f - n o m i n a l  modes t h e m s e l v e s ,  t h e  
f o l l o w i n g  may be  n o t e d :  

Watch Mode - T h i s  i s  s t r i c t l y  a c o n t i n g e n c y  mode for t h i s  
m i s s i o n ,  s i n c e  i t  would impac t  t h e  p l a n n e d  a c t i v i t i e s  o f  
o t h e r  d i s c i p l i n e s  t h r o u g h  a r e d u c t i o n  i n  a v a i l a b l e  manpower. 
It  i s  u s e d  o n l y  when t h e  AOBSM i s  s u s p e c t .  

R e p a i r  ( U n s u i t e d )  - T h i s  i s  t h e  common r e p a i r  mode, o c c u r r i n g  
on  the a v e r a g e  a b o u t  once a week. Most m a l f u n c t i o n s ,  
b e i n g  of t h e  component f a i l u r e  t y p e ,  s h o u l d  n o t  c a u s e  
env i ronmen t  a n o m a l i e s  d u e  t o  t h e  r edundancy  p o l i c y  f o r  
s a f e t y  c r i t i c a l  items. 

R e p a i r  ( S u i t e d )  - P r o b a b l e  c a u s e s  f o r  g o i n g  t o  t h i s  mode 
would b e  low e x p e c t a n c y  e v e n t s  s u c h  as m e t e o r  p u n c t u r e ,  
f i r e ,  o r  s i m u l t a n e o u s  f a i l u r e  o f  r e d u n d a n t  p a r t s  o f  a 
s a f e t y  c r i t i c a l  s y s t e m .  The assumed MTBF of  one y e a r  i s  
a n  i n t u i t i v e  g u e s s ,  i n t e n d e d  t o  g i v e  a f r e q u e n c y  
r e a s o n a b l y  l e s s  t h a n  t h a t  o f  u n s u i t e d  r e p a i r ,  b u t  n o t  s o  
small  as t o  be  d i s r e g a r d e d  ( b e c a u s e  w e  s e n s e  t h a t  t h e  
f r e q u e n c y  a n d ,  c e r t a i n l y ,  t h e  impac t  are n o t  n e g l i g i b l e ) .  
Exper iment  a c t i v i t y  i n  t h i s  mode would a l m o s t  c e r t a i n l y  be 
s u s p e n d e d .  W h i l e  F i g u r e  1 shows a l l  men s u i t e d  i n  t h i s  
mode, i f  t h e  men n o t  i n v o l v e d  i n  t h e  r e p a i r  c o u l d  r e t r e a t  
t o  a s e p a r a b l e ,  s e l f - s u p p o r t a b l e  p a r t  o f  t h e  s t a t i o n ,  t h e y  
might  n o t  have  t o  s u i t  u p .  T h i s  would e x t e n d  t h e  t i m e  
t h a t  p o r t a b l e  ( i n d i v i d u a l )  l i f e  s u p p o r t  s y s t e m s  (PLSS's) 
would be a v a i l a b l e  f o r  r e p a i r  a c t i v i t y .  

- 

Standby  - I n  t h e  e v e n t  o f  a n  emergency which d i d n ' t  r e q u i r e  
e a r l i e s t  p o s s i b l e  a b o r t ,  t h e  c rew would r e t r e a t  t o  t h e  
Command Module and  t r y  t o  r e m o t e l y  a n a l y z e  t h e  problem and  
d e v i s e  a s o l u t i o n .  If no r e a s o n a b l e  hope o f  s a l v a g i n g  t h e  
m i s s i o n  o r  s t a t i o n  were  f o u n d ,  t h e  crew would t h e n  a b o r t .  
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Abort - While usually an emergency escape  p r o c e d l l w ,  ; ibori ,  
miyht not always require maxlmum haste. For  e x a m p l e ,  ( ' r - c w  
illness or injury may have caused the decision to a b o r t ,  
and steps would first have to be taken to assure t h e  
maximum comfort of the disabled persons for the re-entry 
and landing. 

VTII. S U M M A R Y  AND CONCLUSIONS 

A inethodology for thinking about and analyzing space 
:;t,;it, I on opcrations and maintenance has been presented. The 
~rivi1~orimental and other operational systems would be automatic- 
a 1  l y  controlled during the experiment performance parts of the 
rr11 ST, lori. Monitoring of system performance and f a u l t  detection 
w o u l d  be basically automated, with occasional manual checks and 
iiispections. If major servicing were necessary, where possible 
it w o u l d  be scheduled to occur at resupply time, to avoid 
conflict with experiments. Unscheduled maintenance - principally 
component replacement as malfunctions occur - would be the key 
to long term, reliable performance. 

We conclude that the suggested modes of operations and 
maintenance, with their low demands on crew time, offer a 
fcasible and practical way of running a m a c e  station. 

IOl%-SLP-bl S . L .  Penn 
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